The fluorescence emission spectra of toluene solutions of seven efficient scintillator solutes (TP, QP, TPB, DPH, DPA, PPO and POPOP) have been measured with a recording photoelectric spectrophotometer at a resolution of about 8 A. The fluorescence was excited mainly by 2537 A radiation from a low pressure mercury lamp with filters. Selfabsorption effects were studied using different solution depths and concentrations.
Introduction
The impingement of an ionizing particle of energy E on a liquid scintillator solution causes the emission of N photons of mean energy Eoy by the solute molecules, where
and S, the scintillation efficiency, is determined by the concentration and the molecular properties of the solvent and solute (Birks 1962) . If a fraction G of these N photons fall on the cathode of a photomultiplier used for observation of the scintillations. the number T of photoelectrons liberated is
where L is the maximum photoelectric quantum efficiency of the cathode, $5) is its relative value at wavenumber 5 and Z(C) is the relative intensity of the scintillator emission at 5. nz is a dimensionless factor (Swank et al. 1958 ) between 0 and 1, which depends on the degree of match between the photocathode spectral response 7(V) and the scintillator emission spectrum I(:)). The choice of liquid scintillators to date has been largely empirical, involving the comparison of the relative values of T using multipliers with photocathodes of arbitrary or 'average' spectral response, normally uncalibrated (Furst and Kallmann 1952 , Furst et al. 1957 , Hayes, Rogers and Sanders 1955 . This procedure is clearly open to objection, since the ratio of T for two scintillators can vary by more than 25% when viewed by different photomultipliers of the same type (Swank et al. 1958) , and much larger variations can occur when different types of photcmultiplier are used. A scintillator comparison made with a photocathode of one spectral response cannot be applied to one with a different spectral response unless both q(T) and I(;) are known, so that the corresponding values of m can be evaluated. The problem is accentuated by the multiplicity of different nominal types of photocathode response (s4, S5, S9, S11, S13, S20, extended S20, E.M.I. 'S', etc.) used in scintillation counting, and the wide variations which occur between individual tubes of the same nominal response.
Some measurements of q ( V ) have been described previously (Birks and Munro 1961) . The present paper describes observations of the emission spectrum I(;) for seven efficient liquid scintillator solutes. These spectra are of practical interest in the design of liquid scintillation counter systems, since they enable m to be evaluated for a photocathode of known $Z).
Experimental
The scintillator solutes investigated were:
(PPO) and (vii) 2,2'-p-phenylene-bis-(5-pbenyloxazole)
(POPOP). The solutes were of 'scintillation grade' (Nuclear Enterprises, G.B., Ltd.) and Analar toluene was used as the solvent.
The fluorescence was excited by a low pressure mercury lamp giving mainly radiation of 2537 A wavelength. Radiation at other wavelengths was reduced by filters,* and although there was a small residual breakthrough of other mercury spectral lines (corrected for in the final spectra), this nevertheless assisted in the determination of selfabsorption effects. An f / 9 Eberr-type grating monochromator (whose construction will be described elsewhere) with an E.M.I. 6256 B photomultiplier was used to scan the fluorescence spectrum which was drawn out by a pen recorder. 1 mm slits were used, giving a resolution of about 8 i. The overall spectral response of the monochromator and photomultiplier was calibrated with a tungsten-filament lamp of known colour temperature.
The solution was mounted in a 1 cm deep Spectrosil cell over the horizontal entrance slit of the spectrophotometer. The spectrum was observed in transmission, and as the cell was arranged with its axis vertical it was possible to study self-absorption effects by using different depths and concentrations of solution.
The spectra, shown in figures 1 to 7. are plotted in terms of relative quantum intensity (quanta sec-' cmV2 (cm-I)-l) against wavenumber and are for 1 cm thick specimens unless otherwise stated. Fluorescence due to the toluene is negligible.
For each solute the spectra at different concentrations hale been normalized, usually at a significant common peak towards longer wavelengths. The aim is to make the spectra coincide in the region in which absorption effects are * A Chance OX7 filter, followed by 3 cm of a saturated aqueous 141 solution of cobalt sulphate and nickel sulphate. negligible, and thus indicate the magnitude of the absorption at wavelengths at which it does occur. The scaling factors are indicated in parentheses in the figure captions. The normalization procedure also reveals whether any concentration-dependent emission due to photo-dimers occurs (Birks and Christophorou 1962a, b) .
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Discussion
(i) TP. The difference in the spectra at the two concentrations is completely consistent with the effect of selfabsorption. This was verified by reference to the absorption spectrum, and also by observations of the fluorescence spectra using two different solution depths (1 cm and 1 mm). The self-absorption explains the decrease in relative scintillation pulse height observed when large p-terphenyl liquid scintillators are compared with small ones (Hayes et al. 1956 ).
(ii) QP. The spectrum is shifted to longer wavelengths relative to TP, owing to the increased molecular length, and it is thus better matched to the usual S11 photocathode spectral response. It shows more vibrational structure and less self-absorption than TP. The low solubility of QP inhibits its use as a primary scintillator solute, but this can be overcome by appropriate methyl or methoxy substitutions (Hermann et al. 1961) .
(iii) TPB has a broad diffuse spectrum with very little self-absorption.
(iv) DPH shows three well-defined bands in dilute solution; the band at 4080 I is self-absorbed in the more concentrated solution.
(v) DPA. The more concentrated solution shows considerable self-absorption. The difference between the fluorescence spectra at the two concentrations is consistent with the absorption spectrum, and has been verified using two different solution depths (1 cm and 1 mm). The DPA spectrum at M concentration agrees with that of Cherkasov (1959) .
(vi) PPO. In dilute solution two peaks are observed with a shoulder on the short wavelength side, which resolves into a peak when a 1 mm depth of solution is used. At higher concentration this shoulder disappears owing to selfabsorption. A further increase in concentration produces a structureless spectrum, which cannot be fitted to the spectra of the more dilute solutions. Reduction of the solution depth to 1 mm produces no significant change in the form of the spectrum except for the partial reappearance of the 3640A peak. Berlman (1961) , using xylene as a solvent, higher concentrations and thinner specimens, has observed similar spectral changes in PPO solutions, which are attributed to fluorescent dimer formation at high concentrations.
(vii) POPOP. This is a derivative of PPO with an additional phenyloxazole group. It gives a spectrum with an identical wavenumber spacing of vibrational bands, shifted to longer wavelengths owing to the increased molecular length. No dimer emission has been observed from POPOP solutions, probably owing to the limited solubility. The PPO and POPOP spectra for dilute solutions resemble those published by Panov et al. (1959) .
